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ABSTRACT 
In this study, comparisons were made of dry matter production, 
leaf area accumulation, light interception, and yield of two 
varieties of indeterminate soybeans ( Glycine max (L.) Merr .) 
grown in varied planting patterns in 1982. Distribution of leaf 
area index and yield components on the plant were evaluated. 
Light interception was determined at different heights and 
locations in the plant canopy. 'Altona' (maturity group 00) and 
'Evans' (maturity group 0) were grown in 25 and 75 cm rows 
factorially arranged with densities of 25, 50, and 75 plants/m*: 
'Evans' out-yielded 'Altona' by 32%. For both varieties, narrow 
rows out-yielded wide rows and high densities yielded more than 
low densities. With narrow rows, lower planting densities were 
required to achieve a maximum yield than were required for wide 
rows. Yields were lower in 1982 than in previous years due to 
the unusually wet weather after planting. Harvest indices were 
similar among treatments but narrow rows and high densities 
accumulated more dry matter and had greater leaf area indices 
compared to wide rows and low densities. Narrow rows intercepted 
more light than did wide rows; high density treatments 
intercepted more light than did low density treatments. Soybeans 
grown in narrow rows and at low densities had more pods per plant 
than those grown in wide rows and at high densities. Seeds per 
pod and weight per seed were unaffected by treatment. Although 
most light interception and therefore photosynthate production 
was found to occur in the upper regions of the plant canopy, many 
of the leaves displayed there were attached to nodes lower in the 
plant, where most of the yield was found to occur. 
IX 
CHAPTER I 
INTRODUCTION 
The planting pattern (row width and density) of a crop affects its 
vegetative and reproductive growth. Narrow row (50 cm or less) soybeans 
tend to out-yield wide row soybeans in northern regions of North America 
(Johnson et al., 1982). The closure of the plant canopy by the time 
plants initiate flowering is the main advantage to narrow rows. Plant 
populations above normal seeding rates have resulted in increased yield 
in northern regions as long as lodging is not a problem as a result of 
higher densities. 
Under conditions of adequate water and proper cultural practices 
including fertilization and pest control, yield is limited primarily by 
the amount of solar energy available for photosynthesis (Monteith, 
1965). Most light interception by soybeans occurs in the top and 
periphery of the canopy (Sakamoto and Shaw, 1967), yet most yield occurs 
in the lower to middle regions of the plant (Herbert and Litchfield, 
1982). 
This study evaluated the differences in growth (dry matter and leaf 
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area accumulation), light interception, and yield for soybeans grown at 
different row widths and densities. Leaf area was divided into region 
of display and point of attachment. Light interception was determined 
for different heights and locations within the plant canopy. Yield 
components were evaluated on a node by node basis and related to leaf 
area display and light interception. 
CHAPTER I I 
LITERATURE REVIEW 
PI anting Pattern Effects on So ybean Yield 
Narrow rows, defined as those planting patterns with less than 50 
centimeters between rows, have been advocated for soybeans. Narrow rows 
provide for the rapid development of full canopy cover. As a result, 
the interception of available sunlight on a land basis is increased and 
photosynthate production is enhanced during reproductive growth (Shibles 
and Weber, 1 966; Costa et al., 1980; Alessi and Power, 1982; Johnson et 
al., 1982; Taylor et al ., 1982). The rapid canopy closure also promotes 
more effective weed control. Weed growth is suppressed by the dense 
shade that develops in the interior spaces and hence a chemical 
herbicide needs to be effective for a shorter time period (Dougherty, 
1969b; Costa et al., 1980; Parks and Manning, 1980; Spilde et al., 1980; 
Heatherly and Jordan, 1981). Yield reductions caused by late planting 
can be minimized by narrow row planting due to rapid canopy closure 
3 
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(Heatherly and Jordan, 1981). The more uniform plant distribution of 
narrow rows allows increased combine efficiency and therefore reduced 
harvest losses (Costa et al ., 1980; Parks and Manning, 1980). Soil loss 
due to erosion can be minimized by planting soybeans in narrow rows 
(Mannering and Johnson, 1969). Narrow rows also increase water use 
efficiency in soybeans (Peters and Johnson, I960; Timmons et al ., 1967). 
The effect of narrow row planting on soybean yield has been variable 
(Lehman and Lambert, I960; Hinson and Hanson, 1961; Shibles and Weber, 
1966; Dougherty, 1969a; Dougherty, 1969b; Hicks et al ., 1969; Basnet et 
al., 1974; Doss and Tnurlow, 1974; Cooper, 1976; Egli, 1976; Koch, 1979; 
Costa et al ., 1980; Mason et al ., 1980; Parks and Manning, 1980; Spilde 
et al., 1980; Graves and McCutchen, 1981; Heatherly and Jordan, 1981; 
Parker et al ., 1981; Alessi and Power, 1982; Beatty et al ., 1982; Fraser 
et al., 1982; Herbert and Litchfield, 1982; Kokubun and Watanabe, 1982; 
Herbert et al ., 1983). Tne indeterminate short-season varieties had 
greater yields when planted in narrow rows compared to wide rows. A 
study of short-season determinate and indeterminate soybean varieties 
showed a yield advantage for both growth habits when row widths were 
narrowed from 80 to 50 centimeters, although no advantage was shown for 
20 centimeter rows over 50 centimeter rows (Beaver and Johnson, 1981). 
This was true when plant populations were low enough so that lodging was 
not a problem (Lehman and Lambert, I960; Dougherty, 1969a; Dougherty, 
1969b; Cooper, 1976; Koch, 1979; Costa et al., 1980; Parks and Manning, 
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1980; Spilde et al ., 1980; Graves and McCutchen, 1981; Kokubun and 
Watanabe, 1982). Studies at the University of Massachusetts showed a 12 
to 16 percent increase in yield when rows were narrowed from 50 to 25 
centimeters, a 31 percent increase when rows were narrowed from 75 to 50 
centimeters, and a 7 percent increase when row 'width was narrowed from 
75 to 25 centimeters (Herbert and Litchfield, 1982; Herbert et al., 
1983 ). Mason et al . ( 1 980) and Taylor et al . ( 1982) established that 
soybeans grown in Iowa with 25 centimeter spacing between rows 
out yielded soybeans grown with 1 meter spacing. The higher yield of the 
narrow row plants was due to the interception of more radiation and the 
production of more photosynthate later in the season. Shibles and Weber 
(1966) also found that decreased row width caused a reduction in the 
number of days from emergence to 95 percent solar radiation 
interception. 
Determinate full-seasoned varieties tended to show little or no 
yield advantage when planted in narrow rows (Hinson and Hanson, 1961; 
Hicks et al., 1969; Doss and Thurlow, 1974; Heatherly and Jordan, 1981). 
Studies in Kentucky (Egli, 1976) showed soybeans with normal planting 
dates did not have a consistent yield increase when rows were narrowed . 
However, when soybeans were double-cropped after wheat, consistent yield 
increases were shown for narrow rows. The double-cropped soybeans, by 
being planted later in the season, had less growth occurring before 
flowering. The earlier canopy closure of 25 centimeter rows under these 
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conditions resulted in improved light interception and yield. A study 
in Arkansas in 1978 and 1979 (Beatty et al., 1982) emphasized that 
narrow rows resulted in equal or greater yield than wide rows from 
early, optimum, and late planting. 
Irrigated soybeans grown in narrow rows showed no yield advantage 
compared to those grown in wide rows (Basnet et al ., 1974). However, 
when grown without irrigation a yield advantage was established for four 
of the five varieties (Cooper, 1976). Since the irrigated plants had 
increased vegetative growth, complete canopy closure was obtained for 
all row widths. In contrast, when no irrigation was provided incomplete 
canopy closure existed for wider rows. 
In regions with longer growing seasons, rows as wide as 90 to 95 
centimeters can be closed by flowering thus eliminating the advantage of 
narrow rows (Johnson et al ., 1982). To make narrow rows successful 
effective weed control and cultural practices are needed. In addition, 
agronomic characteristics of the variety must be taken into account. 
A second component of planting pattern is density. Plant 
rectangular it y is defined as the ratio of the distance between plants 
within the row to the distance between the rows (Willey and Heath, 
1969). Decreased rectangularity is thought to minimize competition 
allowing a greater expression of yield (Wiggans, 1939; Buttery, 1969; 
Willey and Heath, 1969; Beuerlein et al., 1971). Theoretically, the 
maximum yield possible is achieved by reducing the distance between rows 
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until it equals the space between plants in the row (Wiggans, 1939). 
The effect of rectangular ity, however, is dependent upon the plasticity 
of the crop under consideration (Willey and Heath, 1969). 
Soybeans can compensate for a wide range in plant densities without 
affecting grain yield (Wiggans, 1939; Beuerlein et al., 1971; Wilcox, 
1974; Lueschen and Hicks, 1977). The plasticity of soybeans suggests 
that accuracy in planting rate need not be of major concern. 
Greater plant populations up to a certain level do result in 
increased yields. However, increased planting density has been shown to 
cause increased lodging and therefore reduction in yields (Probst, 1945; 
Weber et al., 1966; Johnson and Harris, 1967; Hicks et al ., 1969; 
Cooper, 1970; Cooper, 1971; Fontes and Ohlrogge, 1972; Basnet et al., 
1974; Wilcox, 1974; Lueschen and Hicks, 1977; Hoggard et al ., 1978; 
Costa et al., 1980; Graves and McCutchen, 1981). Increased planting 
density results in greater plant height (Weber et al., 1966; Johnson and 
Harris, 1967; Hicks et al., 1969; Basnet et al., 1974; Dess and Thurlow, 
1974; Wilcox, 1974; Herbert and Creighton, 1981), decreased stem 
diameter (Hicks et al., 1969), and elongated internodes (Basnet et al., 
1974), characteristics which predispose plants to lodging. The 
mechanism by which lodging inhibits yield is not clearly known. It is 
possible that the disruption of the established canopy results in 
reduced photosynthetic rate per unit land area (Johnston and Pendleton, 
1968; Cooper, 1971). It has been suggested that use of narrow rows may 
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reduce the lodging problem (Cooper, 1970). The same population planted 
in narrow rows instead of wide rows would result in increased yields due 
to the decreased lodging and interplant competition. A study of Hoggard 
et al . (1973) showed that lodging resistance should be an important 
consideration when deciding on the optimum seeding rate of a variety. 
Other studies have indicated that indeterminate varieties have yielded 
less than determinate varieties due to the increased height and 
subsequent increased lodging of the indeterminate varieties when grown 
under similar conditions (Hartwig and Edwards, 1970; Wilcox and 
Sediyama, 1981). 
The effects- of planting pattern on yield are a result of the 
competition occurring between neighboring plants. Competition limits 
yield by reducing ’water, nutrient, and solar energy availabilty 
(Monteith, 1965). On a worldwide scale, a deficit of water is the 
single most important factor limiting crop yield (Begg and Turner, 
1976). When a crop receives adequate water and proper cultural 
practices, yield is limited most by the amount of solar energy available 
for photosynthesis (Monteith, 1965). 
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Growth and Dry Matter Partitioning in Soybeans 
Studies at the University of Massachusetts in 1980 and 1981 (Herbert 
et al., 1983) showed greater dry matter production and greater leaf area 
indices (LAIs) in addition to greater yields for narrow row3 than for 
wide rows. Hicks et al . (1969) reported a greater LAI earlier in the 
season for plants grown in narrow row3. Seed yield was not 
significantly affected. In another study (Taylor et al., 1982), soybean 
plants grown in 'wide rows were shown to produce more above-ground dry 
matter and have a greater LAI than those grown in narrow rows. The 
authors showed that LAI development and dry matter production during the 
season need not be greater in narrow row soybeans for the narrow row 
plants to outyield those grown in wider row 3pacings. It wa3 the 
efficient interception of light that is important. 
Shibles and Weber (1965) found both percent interception and dry 
matter production increased linearly with LAI. Seed yield, however, wa3 
not correlated with total dry matter production or percent light 
interception but was a function of differential utilization of 
photosynthate between vegetative and reproductive structures (Shible3 
and Weber, 1966). 
The biological yield of a crop is the total yield of plant material 
and the harvest index i3 the ratio of the economical yield (in this 
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case, the grain yield) to the biological yield (Donald and Hamblin, 
1976). Harvest index can then be used as a measure of the efficiency of 
. photo synthate partitioning. Schapaugh and Wilcox ( 1980) found that 
harvest index and seed yield were not consistently related from one year 
to the next. This indicates that harvest index is influenced by 
environmental conditions. 
Other studies (Hanway and Weber, 1971; McBlain and Hume, 1980) 
showed that major differences in final seed yield among varieties and 
between years resulted from differences in the time of seed development 
rather than from differences in the rate of photosynthate accumulation. 
Wells et al. (1982) attributed the yield differences between cultivars 
to differences in photosynthetic capacity. Egli and Leggett (1976) 
found seed growth rates were not closely related to photo synthetic 
production and that storage mechanisms serve as a buffer between seed 
growth and photosynthate production. Evidence for the storage and 
redistribution of photosynthate and nitrogenous assimilates to seeds 
from podwalls was obtained by Thorne ( 1979). Assimilate storage and 
later redistribution by podwalls to developing seeds may effectively 
lengthen the pod fill period and thereby contribute significantly to 
final seed yield. Stephenson and Wilson (1977b) found that stems also 
serve as a storage site for later reraobilization of assimilate to pods. 
Streeter and Jeffers (1979) concluded that pods, stems, and petioles all 
serve as major sources of stored carbohydrate for developing seeds. 
Carbohydrates stored in leaf blades were relatively unavailable for 
supporting seed development. 
Leaf area index has been found to be highest when measured near the 
upper portions of the canopy (Blad and Baker, 1972; Sivakumar et al., 
1977). Koller (1971) found that the relative growth rate (the 
accumulation of dry matter per unit of dry matter present over time) for 
seeds did not vary with position on the plant. The author suggested 
that this was due to the occurrence of downward translocation of 
assimilates during podfilling, indicating that seed growth rate is 
controlled primarily by regulatory mechanisms within the seed, rather 
than by external availability of assimilates. In a study by Gent 
(1982), soybean plants were altered so that long distance translocation 
of assimilates was necessary to support the growth of seeds. The rate 
of pod growth and final yield were similar for all treatments. This 
indicates that uptake of carbohydrates was not limited by resistance to 
long distance translocation. Earlier studies (Blomquist and Kust, 1971; 
Stephenson and Wilson, 1977a) with radioactive tracers had found that 
translocation during the period of podfill was primarily limited to pods 
attached at the node of the tracer-fed leaf and the two nodes above or 
below the fed leaf. 
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Light Interception 
The interception of solar energy by the plant canopy is affected by 
the arrangement and optical properties of the leaves (Kriedeman et al. , 
1964). Photo synthetic rate of a crop stand may be defined as a product 
of the amount of light intercepted (dependent on solar angle and stand 
geometry) and the photo synthetic efficiency of the intercepting tissue 
(Hesketh and Baker, 1967). Saeki (1963) reviewed the available 
literature on light relations including factors affecting the 
arrangement of leaves. Important factors influencing leaf arrangement 
included the quantity of leaves and their size, orientation and spatial 
distribution (Saeki-, 1 963; Cowan, 1968). Mann et al . (1980) found that 
light penetration into a row crop could be modeled by considering the 
cropping structure (row spacing and orientation, and planting density) 
as well as the individual plant structure (plant height and breadth, 
leaf area, and leaf angles). 
The difference between light intensities at two heights in a plant 
community is a function of the leaf area occurring between the two 
heights (Saeki, 1963). This has been expressed in the equation 
developed by Monsi and Saeki (1953) 
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where I and I0 are the light intensities inside and outside the plant 
community, respectively, F is the leaf area index, and K an extinction 
coefficient characteristic of each community. K is dependent on the 
inclination and optical properties of the leaves and therefore varies 
with each cropping situation. Verhagen et al. (1963) studied the 
implications of the various patterns of light extinction and production 
as a function of leaf area index, LAI. Although maximum production for 
a given light intensity would be obtained by even illumination of the 
available photo synthetic surface, in natural conditions the upper leaves 
of a canopy tend to be better illuminated than the lower ones. 
Therefore , photo synthetic efficiency and dry matter production would be 
increased if more light could reach lower leaves. Verhagen et al. 
(1963) further state that an ideal foliage would be one in which K is 
small near the surface of the foliage but increases in the lower canopy. 
Donald (Donald and Hamblin, 1976) has defined a crop ideotype as a 
biological model expected to perform or behave in a predictable manner 
within a defined environment. Donald and Hamblin ( 1976 ) found the 
ideotype best suited to provide a high grain yield to have small erect 
leaves allowing light to penetrate to lower leaves. Lcomis et al. 
(1967) state that in primitive agriculture, selection pressures for 
erect leaf habit were probably low as seed supply, nutrients, water, and 
14 
pests may have prevented the attainment of the maximum potential yield. 
In intensive agriculture, trends toward management practices and 
varieties which produce dense canopies of erect leaves are evident. 
Effective light extinction is also associated with the upper limit of 
the LAI (Tailing, 1963 ). The maximum dry matter production with a LAI 
where the lowermost leaves assimilated adequate dry matter to compensate 
for losses by respiration is defined as the optimum LAI (Saeki , I960). 
Originally, light measurements in plant communities were taken for 
the total short-wave band (300 to 3000 nanometers) (Anderson, 1964). 
Recently, light available for photosynthesis has been measured as the 
waveband presumably available for photosynthesis or the 
photosyn thetically active radiation, PAR. PAR is defined as the 
waveband between 400 and 700 nanometers (Anonymous, 1981). One problem 
with this measurement is the assumption that response is equal to all 
wavelengths within that waveband, although it is known that absorption 
peaks exist at 440 and 670 nanometers (Anderson, 1964). 
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Light Interception in Soybeans 
Sakamoto and Shaw (1967) found that ninety percent of the incoming 
light was intercepted by the top and periphery of a soybean canopy. 
Their work indicated that many lower leaves were not receiving adequate 
radiation, and they felt an increase in yield could possibly be achieved 
by selecting varieties with leaf angles allowing greater light 
penetration. This was supported by further work by Shaw and Weber 
(1967), Johnston and Pendleton (1968), and Ogbuehi and Brandle(1982). 
Johnston et al . (1 969) also reported a need for greater light 
availability in the soybean canopy. Shibles and Weber (1965), however, 
found that the rate of dry matter production did not decline at LAI 
greater than required for full solar radiation interception (Shibles and 
Weber, 1966). Photosynthetic rates in the center leaflet of shaded 
plants have been found to be greater than those in unshaded plants (Peet 
and Kr amer , 1980). 
Leaf area distribution in soybeans depends on plant age, leaf size 
and number, row width and orientation as well as other factors that 
influence light distribution in the canopy (Blad and Baker , 1972). Leaf 
area distribution therefore varies greatly from one cropping situation 
to the next. Extinction coefficients showed large changes with height 
in the soybean canopy when determined by Luxmoore et al. (1971). The 
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maximum extinction coefficient occurred at 95* of the canopy height; K 
reached a minimal value at 50 and 75J of the canopy height and again 
increased at 25% of the canopy height. Soybean leaves have been shown 
to alter their inclination in response to the intensity or direction of 
light (Kokubun and Watanabe, 1981; Wofford and Allen, 1982). These 
factors make the utilization of common models to determine the 
photosynthesis of a soybean canopy difficult. 
Studies (Johnston et al., 1 969; Parks et al., 1971; Schou et al. , 
1978; Kokubun and Watanabe, 1981) with enhanced light treatments 
obtained through supplemental lighting or skip-row planting have shown 
increased yield, due to an increased number of pods. In a similar study 
with cowpeas, light supplementation after flowering increased yields as 
well as root and nodule production (Wien, 1982). 
Yield Components of Soybean 
Detailed studies of soybean yield have considered 
of different yield components to final yield, 
components of soybean are plants per unit area, pods 
per pod, and weight per seed. 
the con tr ibution 
The major yield 
per plant, seeds 
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The number of pods per plant has been found to be the most variable 
yield component in a number of studies (Lehman and Lambert, I960; Fontes 
and Ohlrogge, 1972; Stivers and Swear ingin, 1980; Herbert and 
Litchfield, 1982). The advantage of narrow rows over wide rows has been 
attributed to the increased pod number per plant (Basnet et al., 1974). 
Increasing the plant density has been shown to decrease the pod number 
per plant (Lehman and Lambert, I960; Hicks et al ., 1969; Basnet et al., 
1974; Lueschen and Hicks, 1977; Dominguez and Hume, 1978; Hoggard et 
al ., 1978; Peet and Kramer, 1980). Areas of low plant density due to 
skips may compensate by increasing the pod number per plant (Teigen and 
Vorst, 1975; Lueschen and Hicks, 1977). The effect of density is 
confounded with the effect of row width so that pod number will vary 
depending on the overall arrangement of the plants (Weber et al., 1966). 
Dominquez and Hume (1978) suggest that decreased row width and more 
equidistant planting patterns might help maintain greater pod numbers at 
high plant densities. 
Seeds per pod have been found to be a stable yield component (Lehman 
and Lambert, I960; Teigen and Vorst, 1975; Schou et al., 1978; Caviness 
and Thomas, 1980; Herbert and Litchfield, 1982) implying that trends for 
the number of seeds per plant will tend to be the same as those for the 
number of pods per plant. 
Average weight per seed or seed size is usually not closely related 
to yield (Egli et al., 1978; Herbert and Litchfield, 1982; Kokubun and 
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Watanabe , 1982). Seed size will fluctuate depending on the environment 
(Egli et al., 1978) . 
The regulation of yield appears to be through the number of pods 
produced. Flower and pod abortion rates have been variable but rates of 
forty to eighty percent are common (Dominguez and Hume, 1978; McBlain 
and Hume, 1981). A lack of viable pollen is not a major factor 
influencing shedding. One-third to one-half of the total shedding may 
be pods in various stages of development (van Schaik and Probst, 1957). 
Mechanical removal of floral buds has been shown to reduce the natural 
shedding of buds and/or flowers suggesting that a soybean plant has the 
potential to produce a given quanity of seed for a given set of 
environmental conditions (Hicks and Pendleton, 1963). Egli et al. 
( 1978) found the number of seeds and pods being produced to be a 
function of the amount of photosynthate available for growth. Taylor et 
al . ( 1982) found 25 centimeter wide rows retained an average of 86 
percent of -their maximum pod number, while 1 meter wide rows retained 
only 60 percent due to the inability of the wider rows to intercept as 
much light. In a study where enhanced light was provided, 27 to 34 
percent of the pods have been found to abort during the period of 
podfilling indicating that final pod number is determined over a long 
period of time (Schou et al., 1978). 
Buttery (1969) found that the application of N-P-K fertilizer had 
little effect on flower number but increased pod number presumably due 
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to more suitable conditions for yield development. Plants provided with 
light enrichment during late flowering and early pod formation, the 
period of greatest response, had 48 percent more pods per plant at 
maturity than controls (Schou et al., 1978). Johnston et al. (1969) 
and Streeter and Jeffers (1979) found a similar response for light 
enhancement near the end of flowering. Light enhancement during other 
stages of development resulted in a similar but less pronounced response 
(Schou et al., 1978). Kokubun and Watanabe (1981) found that when 
plants were altered to allow increased light interception, increased 
photosynthate was available for pod-setting. Thi s resulted in an 
increased number of pod s per unit area . Carbon dioxide enrichment 
during flowering has been shown to increase pod numbers as well 
(Hardman and Brun , 1971). Plants grown at low carbon dioxide 
concentration have produced fewer flowers, pods, and seeds due to 
abortion of flowers and senescence of pods (Sionit, 1983). Mann and 
Jaworski (1970) found calcium and nitrogen deficiency, high temperatures 
(greater than 40°C) , and shading decreased the number of pods found on 
the plant at maturity. 
Reduction in the number of pods per plant appeared to be the yield 
component primarily responsible for yield losses from induced 
defoliation under conditions of adequate moisture and drought stress 
(Caviness and Thomas, 1980). The presence of bean pod mottle virus has 
been shown to reduce yield by 29 percent; this yield reduction has been 
20 
partially attributed to a decreased number of pods per plant (Myhre et 
al., 1973). 
CHAPTER I I I 
MATERIALS AND METHODS 
Two varieties of soybean ( G1 ycine max (L.) Merrill), 'Altona' 
(maturity group 00) and ’Evans' (maturity group 0) were grown at the 
University of Massachusetts Agricultural Experiment Station farm in 
South Deerfield during the summer of 1982. Both varieties were planted 
in 25 and 75 cm rows on May 19, 1982. All plots were over seeded by 50% 
and later thinned to the desired populations of 25, 50, and 75 plants 
2 
per m corresponding to 250,000, 500,000, and 750,000 plants per ha, 
respectively. Rows were oriented north-south. 
A randomized complete block design replicated four times was 
utilized giving a total of 48 plots. Individual plots were 7.62 m long 
and 4 m wide. The soil was a Hadley fine sandy loam (Typic Udifluvent). 
Agricultural limestone at the rate of 2200 kg/ha along with 44 kg/ha of 
phosphorous and 83 kg/ha of potassium were applied in the spring after 
plowing and incorporated. A peat base granular Rhizobium inoculant was 
incorporated with the seeds at the time of planting. Weeds were 
controlled with a preemergence application of 1.7 kg/ha a .i . alachlor 
21 
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((2-chloro -2', 6'-diethyl-N-(methoxymethyl) acetanilide) and .85 kg/ha 
a .i . linuron (3-(3. 4-dichlorophenyl)-1 -methoxy-1 -methylurea) . 
Emergence occurred on June 1, 1982. Beginning July 8, 1982, weekly 
gravimetric soil samples were taken from the low and high density plots 
of three replications. Samples of the top 23 cm of the soil surface 
were taken at the midrow point for 25 cm rows and 12.5 cm from the row 
as well as at the midrow point for the 75 cm rows. Sampling was 
continued until August 26, 1982. 
Beginning June 30, 1982, and on a weekly basis as much as was 
possible within environmental constraints, light measurements were taken 
p 
of the available photo synthetic ally active radiation (jiE/m s) for the 
low and high density plots of all four replications. Measurements were 
taken on cloudless days near solar noon. Measurements were obtained 
with a Li-cor line quantum sensor (LI-1915B) and integrating 
quantum/radiometer/photometer (LI-188B). All readings were integrated 
over one meter and ten seconds. 
The interrow readings were taken with the light sensor placed across 
the interrow space. Readings were taken with the sensor placed on the 
ground, 25 cm above the ground, 50 cm above the ground, and above the 
canopy depending upon the height of the plants. Parallel readings were 
taken with the light sensor placed parallel to the rows at varying 
locations within the interrow space. For 25 cm rows, readings were 
taken at the row with the sensor placed on the east side of the plants, 
23 
at the mid row point, and at the row with the sensor placed on the west 
side of the plants. For 75 cm rows, readings were taken at the same 
locations as the 25 cm rows, and additionally at 12.5 cm to the east and 
12.5 cm to the west of the row. For both row widths, parallel 
measurements were taken at the ground, 25 cm above the ground, 50 cm 
above the ground, and above the canopy depending upon the plant height. 
Readings for all replications were taken on June 30, July 7, July 13, 
July 30, and August 26, 1982. 
Throughout the growing season, stages of development were monitored 
using the method established by Fehr and Caviness (1977). Plant samples 
were taken biweekly July 1 through August 24. A .25 m sample was 
removed from the center rows for all low and high density plots. Height 
and stage of development were determined for the sample. The sample was 
then divided into five strata: 
1- all plant material attached and displayed below 25 cm 
2- all plant material attached below 25 cm and displayed between 
25 and 50 cm 
3- all plant material attached and displayed between 25 and 50 
cm 
4- all plant material attached between 25 and 50 cm and 
displayed above 50 cm 
5- all plant material attached and displayed above 50 cm. 
Leaf area (measured on Li-Cor Area Meter LI-3100), leaf weight, 
24 
number of nodes, number of pods (mainstem and branch), and weight of 
pods were determined on a strata basis. Stem weight was determined on a 
whole plant basis. 
After physiological maturity (Crookston and Hill, 1978;TeKrony et 
al., 1981), lodging scores were taken by three independent scorers using 
a scale of one to five (1=0% lodged; 5=100% lodged). At that time a 2 m2 
area was harvested for all plots. Harvesting occurred on September 30, 
1982 for 'Altona' and on October 4, 1982 for 'Evans'. The number of 
plants in the sampling area was determined as well as their seed yield 
and total above-ground biomass. At the same time, yield components were 
measured for a separate 15-plant sample from each plot. 
Yield components were established by removing pods node by node, 
node one being the uni foliate node. The pods were then divided into 1, 
2, 3» and 4-seeded pods. Counts of pods were made, and the seeds were 
removed, dried, and weighed. Branch pods, which were kept separate from 
mainstem pods, were recorded at the node at 'which the branch was 
attached to the mainstem. This allowed pod number per node and per 
plant, average number of seeds per pod (on a whole plant and node by 
node basis) , average seed size (on a whole plant and node by node 
basis), and seed size from 1, 2, 3» and 4-seeded pods to be calculated. 
CHAPTER I V 
GROWTH AND DRY HATTER PARTITIONING 
Results 
Final yields were significantly affected at the 1% level by variety, 
row width, and density. The three-way interaction of variety, row 
width, and density was significant at the 5% level (Table 1). 'Evans' 
out-yielded ’Altona' by 32%. For both varieties, narrow rows yielded 
more than wide rows, and yield increased with increasing density. For 
'Evans', the increase in yield with increasing density began to level 
off between 50 and 75 plants/m2 in wide rows, while the yield remained 
constant for all densities in narrow rows. For ’Altona', the yield 
increased with increasing density in wide rows and began to level oif 
between 25 and 50 plants/m2in narrow rows. Plant mortality during the 
growing season is summarized in Table 2. It ranged from 0 to 20% and 
was not felt to have a significant effect on final yield. 
The summer of 1982 was unusually wet, especially early in the season 
25 
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Table 1. Final harvest seed yield for'Altona'and'Evans'soybeans in 1982 
SEED YIELD+ 
‘Altona1 'Evans1** 
(g/m2) 
cm row** 
25 plts/m2* 219.1 384.7 
50 plts/m2 300.4 389.7 
75 plts/m2 334.6 381.3 
cm row 
25 plts/m2 214.7 243.1 
50 plts/m2 226.5 320.3 
75 plts/m2 273.5 358.4 
* density significant at P = 0.05 (quadratic) 
main effect. 
** variety and row width significant at P = 0.01. 
t variety-row width-density interaction 
significant at P = 0.05. 
Table 2. Plant mortality 
FINAL HARVEST DENSITY 
'Altona1 'Evans' 
25 cm Row: 
25 p1ts/m2+ 20 
50 plts/m2 43 
75 plts/m2 67 
cm Row: 
25 plts/m2 22 
50 plts/m2 41 
75 plts/m2 67 
(plts/m2) 
(20)? 25 (0) 
(14) 48 (4) 
(16) 67 (16) 
(12) 21 (16) 
(18) 40 (20) 
(16) 62 (17) 
t densities after thinning 
£ percent loss 
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(Fig. 1). Available soil moisture was not limiting throughout the 
growing season . 
For all treatments total dry matter production increased over time 
until the onset of senescence (Fig. 2, 3). Dry matter production was 
greater for ’Evans' than for 'Altona', and for narrow rows than for wide 
rows. High density treatments tended to produce more dry matter than 
did low density treatments. Harvest index, with a mean of 59.4, was 
unaffected by variety, row width, or density. Since harvest index was 
constant, increased total dry matter production resulted in increased 
yield . 
For both 'Altona' and 'Evans', the overall leaf area index (LAI) was 
greater for the narrow rows than the wide rows and greater for the high 
densities than the low densities (Fig. 4, 5). LAIs were greater for 
the variety 'Evans' than for the variety 'Altona'. The LAI has been 
divided into strata by region of display and point of attachment in Fig. 
6 and 7. The majority of the leaf area displayed in a particular strata 
(between 25 and 50 cm or above 50 cm) is attached within the strata 
below (below 25 cm or between 25 and 50 cm, respectively). 'Evans', 
which was taller than 'Altona' at final harvest, exhibited more leaf 
area above 50 cm. 
The relationship between leaf area, based on region of display and 
point of attachment, light interception, and final yield can be seen in 
Fig. 11 and 12 (Chapter V). In these figures there is a good 
29 
Days after Planting 10 20 30 40 50 60 70 30 90 100 110 
n . 5/23 6/17 7/7 7/27 3/16 9/5 
Date 6/7 6/27 7/17 3/6 3/26 
Vegetative Stage V3 V6 V9 Vll VI1 
Reproductive Stage R2 R4 R5 R5 
Fig. 1. Environmental data: weekly rainfall 
and soil moisture readings 
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40 60 80 100 40 60 80 100 
Days after planting 
Fig. 4. Seasonal leaf area index accumulation for 'Altona' 
33 
Fig. 5. Seasonal leaf area index accumulation for'Evans' 
34 
40 60 80 40 60 80 
Days after planting 
Fig. 6. Seasonal leaf area index accumulation by strata for'Altona' 
— separates regions of display 
— separates regions of attachment 
35 
Days after planting 
Fig. 7. Seasonal leaf area index accumulation by strata for‘Evans' 
- separates regions of display 
—— separates regions of attachment 
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correspondence both between percent light interception 
based on region of display and between percent final yield 
based on point of attachment. 
and leaf area 
and leaf area 
3i sc ussion 
.-or narrow rows, maximurn yield was obtained with a lower plant 
ooo ulatio- than wa s -equired for the same yield in wide rows. 
Based on our data, there is economic advantage to using narrow rows . 
At 202,300 pianos/acre, the medium density, ’Evans’ would yield 46 
bushels/acre wr.en grown in narrow rows and 33 bushels/acre woen grow1, m 
wide rows, assorting "2» moisture and 20« :ie_d _osses. uost o: 
production should not vary, if the proper equipment is avai.ao.e, witn 
'ow width. At a selling price cf $6.50/bushel, the 3 bushel advantage 
of narrow rows would mean an increased profit or $52. 0 G. A^tona , at 
the ssze density, would yield 36 bushel3/acre in narrow -ows and 2^ 
bust el s/ acre in wide rows. 9 bushel increase from narrow row 
planting would -esult in $5 3.51 
-—-s'ties studied tnere was an eooncm 
in narrow rows rather than wide 
increased profit. For any of the 
io advantage to establishing plants 
rows. The yield relationships are 
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supported by past results at the University of Massachusetts 
Agricultural Experiment Station (Herbert and Litchfield, 1982;Herbert et 
al., 1983)* Yields in 1982, however, were less than in previous years. 
The effect of the wet weather after planting was to delay emergence and 
therefore vegetative growth. It has been observed that late planting 
can decrease plant size and yield (Runge and Odell, 1960;Egli, 1976). 
>y weights and LAIs were found to be less in 1982 than in previous 
years at the same site (Herbert et al., 1983). 
Total dry matter accumulation followed an anticipated pattern of a 
rapid increase followed by a leveling off at the end of the season. 
Egli and Leggett (1973) have shown that for both indeterminate and 
determinate varieties of soybean, eighty-five percent or more of the 
vegetative material accumulates by the time appreciable dry weight 
accumulates in the pods and seeds. This corresponded to a rapid 
increase early in the season of leaf and stem dry weights followed by a 
decrease in leaf dry weights due to senescence and a leveling off of 
stem dry weight. Total pod weight began to increase later in the season 
and once initiated generally continued to increase throughout the 
season . 
Leaf weight by strata based on region of display and attachment (not 
shown) were similar, proportionally, to leaf area divided into 
equivalent strata (Fig. 6, 7). 
As indicated by the similar harvest index for all treatments, 
38 
differences in yield could not be accounted for on the basis of 
differences in photosynthetic partitioning. Leaf area index is a 
measure of the surface area potentially available for photosynthesis. 
Treatments with greater LAIs were also found to yield more, probably due 
to the increased photosynthate production. 
The distribution of leaf area within the plant canopy also affects 
the amount of light interception occurring and is discussed further in 
Chapter V. Soybean plants have been found to intercept most light at 
the top and periphery of the canopy (Sakamoto and Shaw, 1967). Given 
the normal relative immobility of photosynthate from a labelled source 
leaf (Blomquist and Kust , 1971;Stephenson and Wilson, 1977a), although 
free movement has been demonstrated on source-sink manipulated plants 
(Gent, 1982), the feature of leaves being displayed above the region in 
which they are attached offers an explanation for why so much of the 
final yield can occur on the lower nodes of the plant while most light 
interception occurs in the upper regions of the plant (Chapter V). This 
may also help explain a similar seed size that occurred throughout the 
plant (Chapter VI;Herbert and Litchfield, 1982). 
CHAPTER V 
LIGHT INTERCEPTION 
Results 
Lodging, although not severe in any plots, was significantly 
2 
affected by density. The mean lodging score for 25 plants per m was 
p p 
1.6, for 50 plants per m was 1.8, and for 75 plants per m was 2.3. 
By the time first flowers had appeared on both varieties (50 days 
after planting) light interception ranged from 6 to 35%. Both varieties 
intercepted significantly more light, as measured by the interrow 
readings in narrow rows than in wide rows and more in high density plots 
than in low density plots (Fig. 8). There was no significant 
difference between varieties in terms of interception. At canopy 
closure in the 25 cm wide rows (56 days after planting), which coincided 
with the beginning of pod formation, the same relationships held, 
although percent interception had increased considerably in all 
treatments (Fig. 8). 
By the time of canopy closure in the 75 cm rows (73 days after 
39 
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DAYS AFTER 
PLANTING: 
80 - 
c 
o 
Q. 
O) 
O 
S- 
0) 
+-> 
'altona' ES 
60 - 
40 - 
CD 
H 20 
so g s -1 
56 a i 
'EVANS' 
I 
25 75 25 75 25 75 25 75 
Row Width (cm) 
25 75 25 75 
Density (plants/m2) 
Fig. 8. Percent light interception (interrow readings) 
at 50 and. 56 days after planting 
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planting) only row width was found to have a significant effect at the 
1% level on interrow readings although density and the density-row width 
interaction were significant at the 5% level (Fig. 9, 10). The 
increased plant number of the high density treatments compensated to 
some degree for the wider row width and resulted in a greater percent 
light interception for high density, wide row plots than for low 
density, wide row plots. 
By dividing the plant into strata (Fig. 9, 10) light interception 
could be related to specific nodes. Most light interception was found 
to occur in the upper regions of the canopy, independent of the plant 
height. Plant height at 73 days after planting was greater for 'Evans' 
than ' Altona' (Table 3). Plants in the high density treatments were 
taller than those in the low density treatments for both varieties. 
Although most light interception occurred in the upper regions of 
the plant canopy, most yield occurred in the lower regions, regardless 
of variety or row width - density treatment (Fig. 11, 12). 
Stratification of the leaf area by region of display and point of 
attachment shows that most leaf area displayed within a given strata was 
attached in the strata below. Dividing leaf area on the basis of point 
of attachment determines where the photosynthate that contributes to 
yield was being supplied, while dividing leaf area on the basis of where 
it was displayed determines where light was intercepted and therefore 
the site of production of photosynthate. The percent of the leaf area 
attributable to a given 25 on segment of the plant corresponded well to 
the percent final yield within that segment. 
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Fig. 9. Percent light interception (interrow readings) of each strata 
and plant height for 'Altona' at 73 days after planting 
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25 75 25 75 
Row Width (cm) 
25 75 
Density (plants/m2) 
Fig. 10. Percent light interception (interrow readings) of each strata 
and plant height for'Evans1 at 73 days after planting 
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Table 3. Plant height and percent final height 
at 73 days after planting 
PLANT 
'Altona1 
HEIGHT 
'Evans1 
(cm) 
25 cm Rows: 
25 plts/mj 5 It 66 (87)+ 
75 plts/m 56 81 (92) 
75 cm Rows: 
25 pits/m* 53 59 (79) 
75 plts/m 60 78 (89) 
t same as final weight 
£ % final height 
den.* var. 
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Light readings taken parallel to the row gave an indication of 
percent light interception at differing locations within the interrow 
space. These readings for 50, 56, and 73 days after planting are 
presented in Fig. 13 and 14. Lowest percent interception for all dates 
was found for the wide row reading 37.5 cm from the row. Highest 
percent interception occurred near the row for all treatments. For 50 
and 56 days after planting, comparisons of the readings 0 cm from the 
row showed row width and density to have a significant effect at the 55 
level on percent light interception. More light was intercepted near 
each row in the high density plots than in the low density plots. 
Readings taken near the plants in wide rows, where the number of plants 
per meter of row was greater than in narrow rows at the same overall 
density, showed a greater percent light interception than those taken 
near the plants in narrow rows. Comparisons of readings taken 12.5 cm 
from the row showed density to have a significant effect at the 55 level 
at both 50 and 56 days after planting with high density plots having the 
greater interception. Comparisons of midrow readings at 50 days after 
planting showed no significant difference; however, at 56 days after 
planting, row width and density had a significant effect at the 1* level 
on percent light interception. Midrow readings were greater for the 
narrow row and high density plots than the 'wide row and low density 
plots, respectively. At 73 days after planting, comparisons of midrow 
readings showed row width to have a significant effect at the 1.« -evel 
while density and the row width-density interaction were shown to have a 
significant effect at the 55 level on percent light being intercepted. 
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Fig. 13. Percent light interception (parallel readings) for'Altona' 
at 50, 56, and 73 days after planting 
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In general, narrow rows and high densities intercepted more light than 
wide rows and low densities. Throughout the season, light interception 
by the narrow rows was more uniform across the interrow space than was 
interception by the wide rows. 
Extinction coefficients, Ks , for the whole plant, calculated using 
the equation of Monsi and Saeki (1953), were significantly greater at 
the 1# level for the wide rows than for the narrow rows at 73 days after 
planting (Table 4). There were no significant differences between 
varieties or densities. Extinction coefficients, in all cases, were 
greater for the portion of the plant below 25 cm than for the portion 
between 25 and 50 cm (Table 5). The maximum value of K was generally 
found for the portion of the plant above 50 cm. 
Disc ussion 
Since lodging was not severe, it did not affect light interception 
readings. Percent light interception at any point in time is dependent 
on the available leaf area, the major photosynthesizing surface in 
soybean plants. Leaf area indices are used as a measure of available 
leaf area. Planting patterns, by affecting the growth habit of the 
plant, affect the LAI and its distribution, and hence the light 
interception . 
Table 4. Extinction coefficients for the whole plant 
at 73 days after planting 
EXTINCTION 
1Altona' 
COEFFICIENT 
1 Evans' 
Row Width** 
25 cm row .97 .99 
75 cm row 1.43 1.48 
Density 
25 plts/m2 1.15 1.29 
75 plts/m2 1.25 1.19 
** row width highly significant at 
P = 0.01. 
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Light interception readings across the row for 50, 56, and 73 days 
after planting showed the effect of row width and density on the percent 
light intercepted. Both narrow rows and high densities which were shown 
to have an advantage in intercepting light also had a greater LAI than 
wide rows and low densities, respectively (Chapter IV). 
Readings taken parallel to the rows provided an indication of where 
the yield advantage of narrow rows came from. Percent light 
interception on a land basis was greater for narrow rows. High density 
treatments, which had greater LA Is, were found to intercept more light 
than the low density independent of where in the interrow space the 
parallel reading was taken. Dividing the plant canopy into 25 cm 
segments provided information about where in the plant canopy light 
interception was occurring. Light interception was found to occur 
primarily in the upper regions of the plant regardless of treatment. 
Tnis supported work by Sakamoto and Shaw ( 1 967) which showed that ninety 
percent of the incoming light was intercepted by the top and periphery 
of the canopy. Despite the fact that most light interception was 
occurring in the upper regions of the plant canopy, most yield was 
occurring in the lower regions (Chapter VI). An explanation for this 
was found through the stratification of the leaf area (Chapter IV). In 
evaluating where the leaf area was displayed as a function of where it 
was attached, it is found that most leaf area was attached considerably 
below where it was displayed. This distribution of leaf area allowed 
most light interception to occur in the upper regions of the canopy and 
for those leaves to supply photosynthate to nodes lower in the canopy 
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where most yield occurred . 
The decreased extinction coefficient, K, for narrow rows as compared 
to the wide rows meant that there was greater light penetration to the 
lower canopy in narrow rows. The increased light availability can mean 
greater photosynthate production and greater yield. Above 50 cm, where 
a relatively small percent of the leaf area was intercepting a 
relatively large percent of the available light, K was large. A smaller 
X in the portion of the canopy between 25 and 50 cm than in the portion 
below 25 cm implied that light penetration was greater near the top of 
the canopy than at the bottom. A lower X above 50 cm would further 
enhance the light availability in the lower regions of the plant and 
possibly allow increased photo synthetic efficiency and dry matter 
production (Verhagen et al., 1963), which can be related to the seed 
yield relations discussed in Chapter IV. 
CHAPTER V I 
YIELD COMPONENTS 
Results 
On a whole plant basis, the yield components evaluated were plants 
per unit area (which was determined by the experimental design), pod 
number per plant, seeds per pod and weight per seed (i .e. seed size). 
Pod number per plant was the only yield component affected by the 
treatments (Table 6); variety, row width, and density all had 
significant effects at the H level. The interaction of variety and 
density was also significant at the 1% level and the interaction of row 
width and density was significant at the 5% level. The number of pods 
per plant was greater for 'Evans' than 'Altona' and greater for plants 
grown in narrow rows than for those grown in wide rows. The number of 
pods per plant was greater for low density plants, but the increased 
number of plants per unit area more than compensated for the decreased 
pod number of plants grown at high densities, allowing high density 
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Table 6. Mean number of pods per plant for'Altana'and'Evans1 
soybeans in 1982 
PODS/PLANT 
‘Altona1 'Evans' 
25 cm Rows: 
25 plts/m2 33.3 45.5 
50 plts/m2 20.1 23.9 
75 plts/m2 14.1 17.5 
75 cm Rows: 
25 plts/m2 27.3 36.7 
50 plts/m2 15.8 25.0 
75 plts/m2 10.2 16.9 
** var. ** row ** den. 
* row by den. ** var. by den. 
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plots to out-yield low density plots. The decrease in the number of 
pods per plant with increasing density was greater for 'Evans' than 
'Altona' and for narrow rows than wide rows. As shown in Table 7, the 
number of seeds per pod was not significantly affected by variety, row 
-width, or density. The mean number of seeds per pod was 2.19. The seed 
size was also unaffected by variety, row width, and density treatments 
and is shown in Table 8. The overall mean seed size was 158 mg. 
Pod development across time for 'Altona' and 'Evans' is shown in 
Fig. 15. For all treatments, final pod number is less than the maximum 
pod number during the season. The decrease in pod number is similar for 
all strata. Throughout the season, 'Evans' had a greater pod number per 
plant than 'Altona'; narrow rows and low densities had a greater pod 
number per plant than wide rows and high densities, respectively. 
Yield components were further broken down into the number of pods, 
the average number of seeds per pod, and the average weight per seed on 
a nodal basis. Most pods and therefore most yield was found to occur on 
the lower and middle nodes of the plant (Fig. 16, 17). More branch 
pods were found for 'Evans' than 'Altona'. Plants grown in narrow rows 
tended to have more branch pods. The decreased pod number with 
increasing plant density was found to be consistent across nodes. 
The average seed number per pod was also consistent across nodal 
positions, regardless of variety or treatment (Fig. 18) as was average 
weight per seed (Fig. 19). 
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Table 7. Mean number of seeds per pod for 'Altana*and‘Evans' 
soybeans in 1982 
SEEDS/POD 
'Altona' 'Evans' 
ROW WIDTH: 
25 cm 
75 cm 
DENSITY: 
25 plts/m2 
50 plts/m2 
75 plts/m2 
2.21 2.16 
2.22 2.16 
2.23 2.23 
2.15 2.18 
2.27 2.09 
Table 8. Mean weight per seed for 'Altona' and'Evans' 
soybeans in 1982 
SEED SIZE 
'Altona1 'Evans' 
(mg/seed) 
Row Width: 
25 cm 156 155 
75 cm 166 151 
Density: 
25 plts/m2 154 148 
50 plts/m2 163 157 
75 plts/m2 158 168 
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= Branch Contribution 
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Node Fertility (numoer of pods) 
Fig. 16. Mean number of pods per node by row width-density 
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'al'ona' 'EVANS‘ 
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§. 19. Mean weight per seed on a nodal basis for Altona 
and ‘Evans'. L, M, H indicate low, medi’jn, and hip 
densities (respectively 25, o0, and 5 piants/nn) • 
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Seed size, the most stable yield component, was also divided on the 
basis of the number of seeds per pod from which the seeds came (Fig. 
20, 21). All treatments showed a consistent seed size independent of 
the number of seeds per pod as well as nodal position. Deviation from 
the norm at the lowermost and uppermost nodes for figures 19, 20, and 21 
was probably due to a smaller sample size at these nodes. 
Discussion 
Pod number per plant has been shown to be the most variable yield 
component in previous studies at the University of Massachusetts 
(Herbert and Litchfield, 1982) and at other locations (Lehman and 
Lambert, 1960;Fontes and Ohlrogge, 1972;Stivers and Swearingin, 
1980;Kokubun and Watanabe, 1982). It appears that soybean plants 
respond to planting patterns and environmental conditions by regulating 
the number of flowers and hence the number of pods which they set. 
Further yield determination is possible with pod abortion (van Schaik 
and Probst, 1957) as is supported by the decrease in pod number per 
plant seen in Fig. 15. 
A partial explanation for the similarity in the number of seeds per 
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pod across nodes and the weight per seed regardless of the number of 
seeds per pod across nodes is found in the distribution of leaf area 
discussed in Chapter IV. It was found that most leaf area provides 
photosynthate to a region lower than that in which it is displayed. 
This allows soybean leaves to intercept light in the upper regions of 
the canopy (Sakamoto and Shaw, 1967;Shaw and Weber, 1967;Ogbuehi and 
Brandle, 1982), and to provide photosynthate for lower nodes without 
appreciable translocation to nodes below which the leaves are attached. 
The translocation of photosynthate to nodes other than where the source 
of photosynthate is attached has been a matter of considerable interest. 
Although some studies (Blomquist and Kust, 1971’.Stephenson and Wilson, 
1977a) felt that such translocation was restricted in its occurrence, 
Gent (1982) found that uptake of carbohydrate by the seed was not 
limited by resistance to long distance translocation. 
It appears that the soybean plant may regulate the equal 
distribution of photosynthate to reproductive structures throughout the 
plant in a number of ways including long petioles to insure that leaves 
attached to the lower nodes compete well with leaves attached to upper 
nodes for the available light and hence photosynthate . 
CHAPTER V I I 
SUMMARY 
Planting pattern affected total dry matter production, leaf area 
index (LAI), light interception, and yield in this study. Soybean 
plants grown in narrow (25 cm) rows had greater total dry matter 
production and LAI, intercepted more light on a land basis, and yielded 
more than those grown in wide (75 cm) rows. Soybean plants grown at 
high (75 plants /m ) densities had greater total dry matter production 
and LAI, intercepted more light per unit land area, and yielded more 
than those grown at low (25 plants /m ) densities. Although most light 
interception and therefore photosynthate production was found to occur 
in the upper regions of the plant canopy, many of the leaves displayed 
there were attached to nodes lower in the plant and thus supplied 
pho tosynthate to the lower regions of the plant, where most of the yield 
was found to occur . 
Yield components were also affected by the row width - density 
treatments. Soybeans grown in narrow rows and low densities had more 
pods per plant than those grown in wide rows and high densities. Seeds 
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pe r pod and weight per seed were unaffected by variety, row width, and 
density treatments. Increase in pod number per plant among treatments 
occurred similarly across nodes, while seed number per pod and weight 
per seed were consistent across nodes. This might be explained by the 
similar availability of photosynthate across nodes, resulting from the 
particular manner in which leaves are displayed within the crop canopy. 
Seed size was independent of the number of seeds per pod as well as 
nodal position, indicating that the total amount of seed filling is the 
same for all seeds under a given set of environmental conditions. 
Literature cited 
Alessi, J. and J.F. Power. 1982. Effects of plant and row spacing on 
dryland soybean yield and water-use efficiency. Agron. J. 
74:851-854. 
Anderson, Margaret C. 
communities and 
1964. Light relations 
their measurement. Biol. 
of terrestrial plant 
Rev. 39:425-486. 
Anonymous. 1981. Instrumentation for biological and environmental 
sciences. LI-COR inc./LI-COR ltd., Lincoln, Nebraska. 
Basnet, B. , E. L. Mader , and C. D. Nickell. 1974. Influence of between 
and within-row spacing on agronomic characteristics of irrigated 
soybeans. Agron. J. 66:657-659. 
Beatty, K.D., I.L. Eldridge, and A.M. Simpson, Jr. 1982. Soybean 
response to different planting patterns and dates. Agron. J. 
74:859-862. 
Beaver, J.S. and R.R. Johnson. 1981. Response of determinate and 
indeterminate soybeans to varying cultural practices in the 
northern USA. Agron. J. 73:833-838. 
Begg, John E. and Neil C. Turner. 1976. Crop water deficits. Adv. 
Agron. 28:161-217. 
Beuerlein , J.E. , J.W. Pendleton, M.E. Bauer, and S.R. Ghorashy. 
1971. Effect of branch removal and plant populations at 
equidistant spacings on yield and light use efficiency of soybean 
canopies. Agron. J. 63:317-319. 
Blad , Blaine L. and Donald G. Baker. 1972. Orientation and 
distribution of leaves within soybean canopies. Agron. J. 
64:26-29. 
71 
72 
Blomquist, R.V. and C.A. Kust . 1971. Translocation pattern of 
soybeans as affected by growth substances and maturity. Crop 
Sci. 11:390-393. 
Buttery, B. R. 1969. Effects of plant population and fertilizer on the 
growth and yield of soybeans. Can. J. Plant Sci. 49:659-673. 
Caviness, C.E. and J.D. Thomas. 1980. Yield reduction from 
defoliation of irrigated and non-irrigated soybeans. Agron. J. 
72:977-980. 
Cooper , R. L. 1970. 
Soybean Dig. 
Early lodging - A major barrier to higher yields. 
30:12-13. 
1971. Influence of soybean production practices on lodging and 
seed yield in highly productive environments. Agron. J. 
63:490-493. 
1976. Response of soybean cultivars to narrow rows and planting 
rates under weed-free conditions. Agron. J. 69:89-92.' 
Costa, J.A. , E.S. Oplinger , and J.W. Pendleton. 1980. Response of 
soybean cultivars to planting patterns. Agron. J. 72:153-156. 
Cowan, I.R. 1968. The interception and absorption of radiation in 
plant stands. J. Appl. Eco. 5:367-379. 
Crookston, R. Kent and David S. Hill. 1978. A visual indicator of 
the physiological maturity of soybean seed. Crop Sci. 
18:867-870. 
Dominguez, Carlos and D.J. Hume. 1978. Flowering, abortion, and yield 
of early-maturing soybeans at three densities. Agron. J. 70: 
801-805. 
Donald, C.M. and J. Hamblin. 1976. The biological yield and harvest 
73 
index of cereals as agronomic and plant breeding criteria. Adv . 
Agron. 28:361 -405. 
Doss, B. D. and D.L. Thurlow. 1974. Irrigation , row width, and plant 
population in relation to growth characteristics of two soybean 
varieties. Agron. J. 66:62 0-623. 
Dougherty, Charles T. 1 969a. The influence of irrigation, row spacing, 
plant population, and inoculation on the yield of soybeans in 
Canterbury. N.Z. Jour. Agr ic. Res. 12: 367-380. 
1969b. The influence of planting date, row spacing, and 
herbicides on the yield of soybeans in Canterbury. N.Z. Jour. 
Agric . Res. 12:703-726. 
Egli, D.B. 1976. Planting date, row width, population, growth 
regulators. World Soybean Res. Report p. 56-62. 
_ and J.E. Leggett. 1973. fry matter accumulation patterns in 
determinate and indeterminate soybeans. Crop Sci. 13: 220-222. 
_ and _. 1976. Rate of dry matter accumulation in soybean seeds 
with varying source-sink ratios. Agron. J. 68:371-374. 
, , and J.M. Wood. 1978. Influence of soybean seed size and 
position on the rate and duration of filling. Agron. J. 
70: 127-1 30. 
Fehr , Walter R. and Charles E. Caviness. 1977. Stages of soybean 
development. Special Report 80. Iowa State Univ., Ames. 
Fontes, L.A.N. and A. J. Ohlrogge. 1972. Influence of seed size and 
population on yield and other characteristics of soybean [ 
Glycine max (L.) Merr.]. Agron. J. 64:833-836. 
Fraser, Joanna, D.B. Egli, and J.E. Leggett. 1982. Pod and seed 
74 
development in soybean cultivars with differences in seed size. 
Agron. J. 74:81-85. 
Gent, M.P.N. 1982. Effect of defoliation and depodding on long 
distance translocation and yield in Y-shaped soybean plants. 
Crop Sci. 22:245-250. 
Graves, Charles R. and Tom McCutchen. 1981. Soybeans evaluated when 
drilled at several seeding rates, broadcast, and grown at various 
row spacings at Milan from 1977 through 1980. Tenn . Farm and 
Home Sc i . No . 12 0. 
Hanway, J.J. and C.R. Weber. 1971. Cry matter accumulation in eight 
soybean [ G1 ycine rnax (L.) Merrill] varieties. Agron. J. 
63:227 -23 o“ 
Hardman, L. L. and W.A. Brun . 1971. Effect of atomspheric carbon 
dioxide enrichment at different developmental stages on growth 
and yield components of soybeans. Crop Sci. 11:886-888. 
Hartwig, Edgar E. and Carlton J. Edwards, Jr. 1970. Efiects oi 
morphological characteristics upon seed yield in soybean. Agron. 
J. 62:64-65. 
Heatherly, Larry G. and Carl W. Jordan. 
on yield of soybeans on heavy 
Mississippi. Miss. Agric. and 
Report Vol. 5 No. 19. 
1981. Effects of row spacing 
clay soils in the delta of 
Forestry Exp. Stn . Res. 
Herbert, Stephen J. and John Creighton. 
Massachusetts. Mass. Agron. Res. 
1981. Growing soybeans 
Report 3: 35-36. 
in 
_, and G.V. Litchfield. 1983. Soybean growth: Effect of row 
width and plant density, (unpublished manuscript). 
and G.V. Litchfield. 1982. Partitioning soybean seed yield 
components. Crop Sci. 22:1074-1079. 
75 
Hesketh, J. and D. Baker. 1967. Light and carbon assimilation by 
plant communities. Crop Sci. 7:285-293* 
Hicks, D.R. and J.W. Pendleton. 1968. Effect of floral bud removal 
on performance of soybeans. Crop Sci. 9:435-437* 
, , R. L. Bernard, and T. J. Johnston. 1969* Response of 
soybean plant types to planting patterns. Agron. J. 
61 -.290-293* 
Hinson, Kuell and W.D. Hanson. 1961. Competition studies in soybeans. 
Crop Sci. 1:117-123* 
Hoggard , A. L. , J. Grover Shannon, and D.R. Johnson. 1978. Effect of 
plant population on yield and height characteristics in 
determinate soybeans. Agron. J. 70:1070-1 072. 
Johnson, B.J. and H.B. Harris. 1 967. Influence of plant population 
on yield and other characteristics of soybeans. Agron. J. 
59:447-449* 
Johnson, R. R. , D.E. Green, and C.W. 
soybean row width? A U.S. 
43: 10-13* 
Jordan. 1982. What is the best 
perspective. Crops and Soils 
Johnston, T.J. and J.W. Pendleton. 1968. Contribution of leaves at 
different canopy levels to seed production of upright and lodged 
soybeans [ Glycine max (L.) Merrill]. Crop Sci. 8:291-292. 
, D.B. Peters, and D.R. Hicks. 1969* Influence of 
supplemental light on apparent photosynthesis, yield, and yield 
components of soybeans ( Glycine max L.) . Crop Sci. 9*577-5 
Koch, D.W. 197 9. Soybean production in New Hanpshire. NH Agr ic. Exp. 
Stn . Res . Report 75. 
76 
Kokubun , Makie and Kajuyuki Watanabe. 1981. Analysis of the 
yield-determining process of field-grown soybeans in relation to 
canopy structure. II. Effect of plant type alteration on solar 
radiation interception and yield components. Jap. Jour. Crop 
Sci. 50:311-317. 
and _• 1982. Analysis of the yield-determining process of 
field-grown soybeans in relation to canopy structure. VI. 
Characteristics of grain production in relation to plant types as 
affected by planting patterns and planting densities. Jap. 
Jour. Crop Sci. 51:51-57. 
Koller , H. R. 1971. Analysis of growth within distinct strata of the 
soybean community. Crop Sci. 11:400-402. 
Kriedeman, P.E., T.F. Neales, and D.H. Ashton. 1964. Photosynthesis 
in relation to leaf orientation and light interception. Aust. 
J. Biol. Sci. 17:591-600. 
Lehman , W.F. and J.W. Lamber t . I960. Effects of spacing of soybean 
plants between and within rows on yield and its components . 
Agron . J. 52:84-86. 
Loom is , R. S. , W.A. Williams, and W.G. Duncan . 1967. Commun ity 
architecture and the productivity of terrestrial plant 
communities, p. 291-308. in A. San Pietro, F. A. Greer , and 
T. J. Army ( eds.) Harvesting the Sun . 
Lueschen, W.E . and D. R. Hicks. 1977. Influence of plant population 
on field performance of three soybean cultivars. Agron. J. 
69:390-393. 
Luxmoore, R.J., R. J. Millington, and H. Marcellos. 1971. Soybean 
canopy structure and some radiant energy relations. Agron. J. 
63:111-114. 
Mann, J.D. , and E. G. Jaworski . 1970. Comparison of stresses which may 
limit soybean yields. Crop Sci. 1 0:620-624. 
77 
Mann, Jerry E. , Guy L. Curry, D.W. DeMichele, and Donald N. Baker. 
1980. Light penetration in a row—crop with random plant spacing. 
Agron. J. 72:131-139. 
Manner ing, J.V. and C.B. Johnson. 1969. Effect of crop row spacing 
on erosion and infiltration. Agron. J. 61:902-905. 
Mason, W.K. , H.M. Taylor, A.T.P. Bennie, H. R. Rowse , D.C. Reicosky, 
Y.Jung, A.A. Righes, R.L. Yang, T.C. Kaspar, and J.A. Stone. 
1980. Soybeans row spacing and soil water supply: Their effect 
on growth, development, water relations, and mineral uptake. 
US DA Agri. Res., North Central Region Sci. and Educ. Admin., 
Peoria, IL. 59 p. 
McBlain, B.A. and D.J. Hume. 1980. Physiological studies of higher 
yield in new, early-mat ur ing soybean cultivars. Can. J. Plant 
Sci. 60: 1315-1 326. 
_and _ 1981. Reproductive abortion, yield components and nitrogen 
content in three early soybean cultivars. Can. J. Plant Sci. 
61:499-505. 
• * 
Mon si , Masami and Tosiro Saeki . 1953* Uber den Lichtfaktor in den 
Pflanzengesellschften und seine Bedeutung fur die 
Sto ffproduktion. Jap. Jour. Bot. 14:22-52. 
Monteith, J.L. 1965. Light distribution and photosynthesis in field 
crops. Ann. Bot. 29:17-37. 
Myhre, D. L. , H. N. Pitre, M. Haridasan, and J.D. Hesketh. 1973. 
Effect of bean pod mottle virus on yield components and 
morphology of soybeans in relation to soil water regimes: A 
preliminary study. Plant Disease Reporter 57:1050-1054. 
Ogbuehi , S. N. and J.R. Brandle. 1982. Influence of ’windbreak- 
shelter on soybean growth, canopy structure, and light relations. 
Crop Sci. 22:269-273. 
78 
Parker, M.B., W.H. Marchant, and B. J. Mullinix, Jr. 1981. Date of 
planting and row spacing effects on four soybean cultivars. 
Agron. J. 73:759-762. 
Parks, W.L. and C. D. Manning. 1980. The effect of row spacing and 
plant population on the fruiting characteristics and yield of 
four soybean varieties. Tenn. Farm and Home Sci. Mo. 115. 
J.R. Overton, and J.W. Measells. 1971. Soybean yields and 
skip-row systems of planting. Tenn. Farm and Home Sci. No. 
77. 
Peet, M.M. and P.J. Kramer. 1980. Effects of decreasing source/ sink 
ratio in soybeans on photosynthesis, photorespiration, 
transpiration, and yield. Plant, Cell, and Environ. 3:201-206. 
Peters, Doyle B. and Leonard C. Johnson. I 960. Soil moisture use by 
soybeans. Agron. J. 52:687-689. 
Probst, A.H. 1 945. Influence of spacing on yield and other characters 
in soybeans. J. Am. Soc. Agron. 37:549-554. 
Runge, E.C.A. and R.T. Odell. I960. The relation between 
precipitation, temperature, and the yield of soybeans on the 
Agronomy South Farm, Urbana, Illinois. Agron. J. 52:245-247. 
Saeki , Toshiro. I960. In ter elation ships between leaf amount, light 
distribution, and total photosynthesis in a plant community. 
Bot. Mag. Tokyo 73:57-63. 
_. 1963. Light relations in plant communities, p. 79-94. in L.T. 
Evans (ed.) Environmental Control of Plant Growth. Academic 
Press, New York. 
Sakamoto, Clarence M. and Robert H. Shaw. 1967. Light distribution 
in field soybean canopies. Agron. J. 59:7-9. 
79 
Schapaugh, W.T. and J.R. Wilcox. 1980. Relationships between harvest 
indices and other plant characteristics in soybeans. Crop Sci . 
20:529-533. 
Schou, J.B., D.L. Jeffers, and J.G. Streeter . 1978. Effect of 
reflectors, black boards or shades applied at different stages of 
plant development on yield of soybeans. Crop Sci. 18:29-34. 
Shaw, R.H. and C.R. Weber. 1967. Effects of canopy arrangements on 
light interception and yield of soybeans. Agron. J. 
59:155-159. 
Shibles, R.M. and C.R. Weber. 1965. Leaf area, solar radiation 
interception, and dry matter production by soybeans. Crop Sci. 
5:575-577. 
_ and _. 1966. Interception of solar radiation and dry matter 
production by various soybean planting patterns. Crop Sci. 
6:55-59. 
Sion it, Nasser. 1983- Response of soybean to two levels of mineral 
nutrition in C02-enriched atmosphere. Crop Sci. 23:329-333. 
Sivakumar , M.V.K. , H.M. Taylor, and R.H. Shaw. 1977. Top and root 
relations of field-grown soybeans. Agron. J. 69:470-473. 
Spilde, LeRoy A., Dean A. Whited, and Raymond J. Sletteland. 1980. 
The effect of row spacing on soybean yields. ND Agr ic. Exp. 
Stn . Farm Res. 37:15-18. 
Stephenson, R.A. and G.L. Wilson. 1977a. Patterns of assimilate 
distribution in soybeans at maturity. I. The influence of 
reproductive developmental stage and leaf position. Aust . J. 
Agric. Res. 28:203-209. 
and _. 1977b. Patterns of assimilate distribution in soybeans 
at maturity. II. The time course of changes in C14 distribution 
in pod and stem sections. Aust. J. Agric. Res. 28:395-400. 
80 
Stivers, R.K. and M. L. Swearingin. 1980. Soybean yield compensation 
with different populations and missing plant patterns. Agron.J. 
72:98-102. 
Streeter, J.G. and D.L. Jeffers. 1979. Distribution of total non- 
structural carbohydrates in soybean plants having increased 
reproductive load. Crop Sci. 19:729-734. 
Tailing, J.F. 1963. Photosynthesis under natural conditions. Ann. 
Rev. Plant Physio. 12: 133-154. 
Taylor, H.M., W.K. Mason, A.T. P. Bennie, and H.R. Rowse. 1982. 
Responses of soybeans to two row spacings and two soil water 
levels. I. An analysis of biomass accumulation, canopy 
development, solar radiation interception, and components of seed 
yield. Field Crops Res. 5:1-14. 
Teigen , James B. and James J. Vorst. 1975. Soybean response to stand 
reduction and defoliation. Agron J. 67:813-816. 
TeKrony, D.M. , D.B. Egli, and G. Henson. 1981. A visual indicator of 
phyiological maturity in soybean plants. Agron J. 73:553-556. 
Thorne, John H. 1979. Assimilate redistribution from soybean pod walls 
during seed development. Agron. J. 71:812-816. 
Timmons, D.R., R.F. Holt, and R. L. Thompson. 1967. Effect of plant 
population and row spacing on evapotranspiration and water-use 
efficiency by soybeans. Agron. J. 59:262-265. 
van Schaik, P.H. and A. H. Probst. 1957. Effects of some 
environmental factors on flower production and reproductive 
efficiency in soybeans. Agron. J. 50:1 92-197. 
Verhagen , A.M.W., J.H. Wilson, and E. J. Britten. 1963. Plant 
production in relation to foliage illumination. Ann. Bot. NS 
27:627-640. 
81 
Weber, C. R. , R.M. Shibles, and D.E. Byth. 1966. Effect of plant 
population and row spacing on soybean development and production. 
Agron. J. 58:99-1 02. 
Wells, R. , L. L. Schulze, D. A. Ashley, H.R. Boerma, and R.H. Brown. 
1982. Cultivar differences in canopy apparent photosynthesis and 
their relationship to seed yield in soybeans. Crop Sci. 
22:886-890. 
Wien, H.C. 1982. Dry matter production, leaf area development, and 
light interception of cowpea lines with broad and narrow leaflet 
shape. Crop Sci. 22:733-737. 
Wiggans, R.G. 1 939. The influence of space and arrangement on the 
production of soybean plants. J. Am. Soc . of Agron. 
31:314-321. 
Wilcox, J.R. 1974. Response of three soybean strains to equidistant 
spacings. Agron. J. 66:409-412. 
_ and Tuneo Sediyama. 1981. Interrelationships among height, 
lodging, and yield in determinate and indeterminate soybeans. 
Euphytica 30:323-326. 
Willey, R.W. and S.B. Heath. 1969. The quantitative relationships 
between plant population and crop yield. Adv. Agron. 
21:281-321. 
Wofford, T. J. and F. L. Allen. 1982. Variation in leaflet orientation 
among soybean cultivars. Crop Sci. 22:999-1004. 

